transthyretin. Environ Health Perspect 107:273-278 (1999) . [ Online 9 March 1999] 'p://ehpnnl.niehs. nib.gov/docs/l999107p273-27acbeek/abstra html An important question in endocrine disruption is the mechanism by which a xenobiotic compound alters the action of endogenous hormones. One possible mechanism is direct interaction with the hormone receptor, either as an agonist or as an antagonist. In the case of thyroid hormone, a second important mechanism may be the ability of compounds to alter serum transport of thyroid hormones (TH). In nonmammalian vertebrates, the major transport protein is prealbumin (transthyretin); while some mammals, induding humans, have a second binding protein, thyroid-binding globulin (TBG) (1) . Assessing the relative affinity of the thyroid receptor and the serum transport proteins for xenobiotics should help clarify one of the mechanisms by which xenobiotics alter thyroid homeostasis. Alterations in thyroid homeostasis by organochlorine compounds have been documented for many species, induding humans. In most cases, exposure to organochlorine compounds is correlated with decreased serum levels of thyroid hormone, particularly thyroxine (T4). Exposure to polychlorinated biphenyls (PCBs) has been correlated with decreased serum T4 concentrations in rats (2) (3) (4) (5) (6) (7) (8) (9) (10) and humans (6, 11, 12) . Evidence from rat studies indicates that PCB-induced decreases in serum T4 are the result of increased metabolism by uridine diphosphate glucuronysyltransferase (UDPGT), a hepatic enzyme that glucuronidates T4 (5, (13) (14) (15) . Another class of organochlorines, the choroacetanilides acetochlor and alachlor, elevates UDPGT activity and concomitandy decreases serum T4 levels in rats (16,1A . Acetochlor also alters thyroid hormone (3,3',5-triiodothyronine; T3) action in amphibians, accelerating T3-induced metamorphosis (18) . DDT and its metabolites alter serum T4 levels in birds (19) and humans (20) . DDT also alters thyroid metabolism in rats by increasing hepatic UDPGT activity (21) .
Because of their physiological effects and their structural resemblance to thyroid hormones ( Fig. 1) , several studies have investigated the ability of PCBs to bind to the serum transport proteins transthyretin (3, 8, (22) (23) (24) and TBG (22) and to the rat thyroid receptor (23 (8, 22, 24) . Few hydroxylated PCBs bind TBG (22) and few unmetabolized PCBs have strong affinities for either TTR or TBG (8, 22, 23) . Like the transport proteins, the rat thyroid receptor appears to have a higher affinity for hydroxylated versus parent PCBs (23) .
Although 4 -OH-2',3',4',5'-tetrachlorobiphenyl, 4-OH-2',3,4',6'-tetrachlorobiphenyl, 4-OH-2',3,3',4',5'-pentachlorobiphenyl, and 4-OH-2',3,4',5,6'-pentachlorobiphenyl-were purchased from AccuStandard (New Haven, CT). The hydroxylated PCB, 4,4'-diOH-3,3',5,5'-tetrachlorobiphenyl, was purchased from Ultra Scientific (North Kingstown, RI). The DDTs-1-(2-chlorophenyl) - To characterize the specificity of the recombinant receptor, the known TR agonists T3, T4, Triac, and Tetrac, and the inactive T3 metabolite, rT3, were tested in competitive inhibition experiments. We selected organochlorine compounds for testing based on their reported ability to alter in vivo responses or to bind serum transport proteins. PCB mixtures and some specific PCBs decrease serum T4 levels, but PCB 126 and PCB 77 markedly enhance spatial learning in rats exposed in utero, while only slightly altering serum T4 (2) . Because the enhancement of learning is similar to that in hyperthyroid rat pups, Schantz et al. (2) proposed that PCBs 126 and 77 might be thyroid receptor agonists. We examined the interaction of these two compounds with the human thyroid receptor. Because several OH-PCBs bind TTR as effectively as T4 (22) (Fig. 2) . This protein is similar in size to the 52-55 kDa proteins recombinantly expressed in Escherichia coli (28, 29 (Fig. 3) . The p,pj-DDE >100 >100 >100 p,p'-DDT >100 >100 >100 Acetochlor >100 >100 >100 Alachlor >100 >100 >100 Methoprene >100 >100 >100 Abbreviations: TRI, thyroid receptor P; TTR, transthyretin; TBG, thyroid-binding globulin; T3, 3 Log-molar concentration (30) . Second, because only a single TR isoform was present in recombinant cell extracts, only TR homodimers could form, while in rat liver nuclear extracts, retinoid X receptors (RXRs), the heterodimeric partners of TR, were probably also present (30, 32) . In vitro, TR-RXR heterodimers exhibit different affinities for ligands than do TR-TR homodimers, although both appear to form spontaneously in cells (30) .
Third, species-specific differences in TR affinity for coplanar PCBs may exist.
DDTs and chloroacetanilide herbicides cause hypothyroidlike effects in animals, decreasing serum T4 (16, 17, (19) (20) (21) (16, 17) . Alteration of metabolism is probably the major mechanism by which chloroacetanilides affect thyroid axis function.
Our results suggest that disruption of thyroid hormone transport is one of the Log-molar concentration 
